Objectives: Patients' beliefs and expectations about their pain have been identified as important disabling factors in chronic musculoskeletal pain. Besides fear-avoidance beliefs and pain-related fear, cognitions such as thought suppression as well as pain/task persistence behavior have been shown to be associated with pain and disability. The aim of this report is to present a critical evaluation of research, based on the avoidance-endurance model of pain.
D
uring the past two decades, strong evidence was shown supporting the impact of pain-related cognitive/affective and behavioral responses on the development and maintenance of chronic musculoskeletal pain.
1,2 For example, catastrophizing and pain-related fear were identified as important mediators of pain and disability. [3] [4] [5] The fear-avoidance model (FAM) 6 is a stimulating approach, postulating a pathway between these pain responses, physical disuse, and chronic pain. 7 Recently, however, there has been growing evidence for a second, potentially opposite pathway that will also lead to the development and maintenance of chronic pain. This alternative pathway is based on endurance-related responses and includes physical overuse or overload instead of physical disuse as the main mediators. [8] [9] [10] In the avoidance-endurance model (AEM) both of the aforementioned pathways for chronicity in pain are presented. 11 The following review will at first focus on research concerning the frequency of self-reported fear-avoidance versus endurance-related responses to pain. Second, basic assumptions concerning the AEM will be outlined. Third, a review of existing empirical evidence for hypotheses related to the AEM, and its consequences for the performance of daily activities, will be presented. Finally, clinical implications, such as proposed modifications for behavioral interventions, will be offered.
THE OCCURRENCE OF FEAR-AVOIDANCE-VERSUS ENDURANCE-RELATED PAIN RESPONSES
Fear-avoidance responses (FAR) consist of fear/anxiety (eg, fear of pain-related movement) on the affective level, associated with automatic thoughts (eg, catastrophizing) or more generalized appraisals (eg, fear-avoidance beliefs) on the cognitive level, and avoidance of painassociated activities on the behavioral level. In contrast, endurance responses (ER) refer to thoughts of suppression, distraction from pain, or minimization, with task persistence behavior in spite of severe pain, and, potentially, positive mood despite pain. 11 Philips and Jahanshahi 12 proposed behavioral avoidance as the most frequent and prominent behavioral response to pain. Their evaluation was based on a systematic comparison of different pain related responses (avoidance, complaint, and help-seeking behavior) in patients with chronic headache and low back pain. This study established the focus on an important maladaptive pattern of pain responses that was further conceptualized within several FA models of pain.
Keefe 16 found that patients with chronic pain reported that they were active despite pain, or ignored pain with the same frequency with which they reported catastrophize about pain. This finding has been confirmed by others. [17] [18] [19] Hasenbring 20 and Grebner et al 21 investigated FAR versus ER responses in samples of acute/subacute back and leg pain prior to lumbar disc surgery. Using the Kiel Pain Inventory, 22 both research groups reported cognitions of thought suppression with at least the same frequency as help-/hopelessness and catastrophizing. A comparison of avoidance behavior and endurance behavior despite severe pain had identical findings.
Until now, no study has investigated differences in the occurrence of FAR and/or ER in chronic pain. Preliminary results of a recent study of Hasenbring and coworkers revealed that in a population of 168 sub-acute and chronic non-specific low back pain patients, endurancerelated cognitions of thought suppression and minimization were reported significantly more often than help-hopelessness and catastrophizing (in preparation). Furthermore, we found a higher number of reports of endurance behavior compared to avoidance behavior. Surprisingly, on the affective level, patients reported positive mood despite pain significantly more often than pain-related anxiety/ depression.
THEORETICAL CONSIDERATIONS: THE AVOIDANCE-ENDURANCE MODEL OF PAIN Basic Assumptions
The AEM addresses FAR as well as ER as important mediators in the development and maintenance of chronic pain and disability. 11 Basic assumptions underlying the AEM are as follows. First, in accordance with the psychophysiological model of anxiety, 23 loose relations are hypothesized for the cognitive, affective and behavioral responses to pain. Furthermore, based on the Dynamic Model of Affect (DMA), 24 an opposite pattern of FAR and ER is expected to exist on distinct dimensions, implying that opposite features can be activated independently. This assumption is supported by evidence of distinct neural systems for opposite affects and cognitions. 25 Second, we hypothesize that only a specific, highly rigid and time-stable pattern of cognitive, affective, and behavioral pain responses will lead to the development of chronic pain. We suggest that FAR represent a specific and highly rigid pattern of pain-related fear, cognitions of catastrophizing and help-/hopelessness, and behavioral avoidance (FAR pattern). Within this pattern, avoidance behavior is assumed to be guided by conditioned stimuli (eg, the imagination of a painful lifting activity elicits fear), shown preventively in order to avoid the experience of pain (active avoidance). In contrast, the AEM suggests that, due to ER, at least two different response patterns can be described influencing the maintenance of pain and disability. The first sub-group of ER-patients will respond cognitively with marked thought suppression, emotionally with anxiety/ depression, and with task persistence in spite of pain on the behavioral level (Distress endurance response pattern). The second sub-group of ER-patients will show a pattern of ignoring pain sensations and/or minimizing the meaning of pain experiences, and marked task persistence behavior often accompanied by high scores on positive mood despite pain (Eustress endurance response pattern). We also assume that further maladaptive response patterns may exist: for example patients who rigidly respond with high fear of pain but with task persistence instead of avoidance. This idea is in line with the phenomenon of courageous behavior in spite of fear, such as engaging in dangerous activities during war. 26 Third, an adaptive response (AR) pattern 11 is characterized by a high degree of flexibility between FAR and ER to pain, supporting the effect of biomedical treatments. Finally, we suggest that a number of potential psycho-neurobiological pathways lead from acute to chronic pain for FAR and ER.
Hypothetical Pathways From Acute to Chronic Pain for Specific AEM-related Pattern From Fear Avoidance Responses to Physical Disuse
Patients, that will exclusively show FAR, will avoid all physical and social activities that could elicit pain. This FAR pattern will result in a decrease in the level of physical activity. These patients will first avoid activities that, in their opinion, will lead to increased pain (eg, heavy lifting; long standing or sitting in cases of back pain). In addition, due to preventive or active avoidance behavior, they will also avoid social events (eg, sitting in a film theatre) or sports activities (eg, playing tennis or walking) in which they were involved before pain-onset, but which are potentially pain provoking. If this response pattern is highly stable over time, decreasing physical activity (disuse) will cause physical de-conditioning (including negative changes in muscular, motor, cardio-respiratory and metabolic aspects of physical fitness). 7 Long term physical deconditioning can even result in the development of a disuse syndrome, including additional psychological and social consequences such as depression and premature ageing. 27 
From Endurance Related Responses to Physical Overuse/Overload
Patients that will exclusively show an ER pattern, with high scores on endurance behavior despite severe pain (irrespective of the distress or eustress version), will have a high risk for physical over-activity leading to overuse or overload of physical structures. In a situation in which a normal, pain-related interruption of daily activities is disdained or disregarded, overuse (based on repetitive movements) or overload (based on ongoing static strain postures) will result in a number of potential injuries to muscle fibers, nerves, bones, and ligaments. 28 These behavior-related damages, as well as the repetitive experience of pain, will maintain pain and contribute to neurobiological mechanisms of peripheral and central sensitization by an ER pattern. In the post-injury acute or sub-acute phase of pain, a pattern characterized by persisting behavior will disturb the normal recovery period, and can consequently result in a higher risk for developing chronic pain problems.
Distress-and eustress-ER patterns differ mainly in their cognitive and affective responses. Patients with a distress-ER pattern tend to cognitions of thought suppression combined with an increased depressive mood. The AEM postulates that thought suppression (TS) represents a cognitive response that suppresses the perception of pain or the interruption of daily activities normally demanded by pain. 29 Thought suppression trials are often disorganized, non-focused, effortful, and at risk for failure. Frequent failure leads to a decreased perceived self-efficacy and to an increase of emotional distress. Moreover, a rebound phenomenon was suggested 30 leading to more frequently occurring pain-related thoughts accompanied by the perception of additional failure, feelings of help-/hopelessness, and depressive mood. In contrast, patients with a eustress-endurance pattern tend to pain-related cognitive responses of ignoring pain/distraction from pain or minimizing the meaning of a pain experience, and marked positive mood despite severe pain. Distraction from pain might be more successful than thought suppression, as it represents an organized and focused way of attention diversion. A rebound will occur less often. However, due to extreme task persistence behavior, these patients are also prone to pain experiences caused by overuse/overloadinduced small and repetitive damages of soft tissues, such as muscles, ligaments, and tendons.
Stability Versus Variability of Fear Avoidance and Endurance Response Pattern
Knowledge of stability versus variability of response patterns over time is rare. In addition, no information seems to be available indicating which situational demands, specific motivational factors, and/or aspects of learning history will lead to an individual FAR or ER pattern. The Avoidance-Endurance Model suggests that exclusive FAR or ER patterns are relatively time stable, unless modified by well-directed behavioral interventions. Changes in response pattern, however, can occur during the long-term process of chronification of pain. For example, the experience of longterm pain, which did not respond adequately to medical therapy, may lead to a change from an exclusive eustressendurance to a distress-endurance or even FAR pattern.
Longitudinally, ER patients might be at risk for a decrease of task persistence and an increase of avoidance behavior. In this situation, avoidance is assumed to be a kind of passive avoidance behavior, which may have several deleterious consequences. First, patients postpone an interruption of painful daily activities for a long time. Consequently, when they eventually do interrupt (eg, a short pause for relaxation) their activities, this will not lead to a regeneration of damaged physical structures and pain will not diminish. Therefore, patients will experience such an interruption as unsuccessful. Second, short pauses that do not result in a pain decrease will lead to an increase of thought suppression, with the consequences of rebound: feelings of failure, low self-esteem, and depression. Third, when ER patients will only interrupt their daily activities due to very severe pain, eventually pain will guide these interruptions, either consciously or unconsciously. Therefore, although task persistence behavior may first lead to feelings of control, eventually it can result in feelings of loss of control.
EMPIRICAL EVIDENCE OF AEM-DERIVED HYPOTHESES
The degree to which the affective, cognitive and behavioral responses described in the AEM, including the FAR or ER pattern, will be effective, is still debatable. The extent to which a single response or a full pattern is adaptive may differ with respect to different time-lags, and will depend on the outcome criterion used. For example, active avoidance behavior may lead, in the short-term, to a reduction or prevention of pain. Over the long term, however, it can eventually lead to physical disuse and an increase of pain. On the other hand, task persistence behavior may lead to a feeling of control and short-term distress reduction, but eventually it can result in physical overuse/overload, including pain-increase as one consequence of repetitive micro-damaging of physical structures. Task persistence behavior that is part of an exclusive distress-endurance pattern is associated with cognitions of thought suppression. Due to the lack of success of the cognitions within this pattern, patients may even experience a rapid change between feelings of control and feelings of loss of control during a day. With these considerations in mind, it is obvious that an evaluation of the effect of painrelated responses based on associations found in crosssectional study designs will only deliver vague information that must be interpreted very cautiously. The evaluation of both short-and long-term consequences of different response patterns needs to be performed in prospective study designs. To identify short-term consequences, experimental trials and process-oriented correlation approaches have to be included. In addition, for identifying long-term consequences, prospective cohort studies are necessary.
Single Fear Avoidance Responses
During the last two decades, extensive research has confirmed the hypothesis that single aspects of a FAR pattern will influence the maintenance of pain-related disability. 6 Mounting evidence comes from cross-sectional studies in patients with chronic back pain, assessing primarily cognitive/affective aspects of FAR, such as fearavoidance beliefs, and fear of pain, movement or injury. Furthermore, significant relations between different FARrelated cognitive/affective variables have been shown, for example between fear-avoidance beliefs, catastrophizing, and fear of pain. 6 There is, however, only limited evidence for FAR cognitions in future pain and disability prediction in patients with acute/subacute back pain. 8, 31 Only a few studies are available that focus on behavioral aspects of FAR. In a prospective study of 111 patients with acute/ subacute back and leg pain, Hasenbring et al 9 found that self-reported avoidance of physical and social activities significantly predicted pain-intensity at the time of hospitaldischarge. Avoidance behavior, however, did not predict pain-intensity after 6-months. In a recent cross-sectional path-analysis, Truchon et al 32 reported that FAR-related cognitive appraisals and avoidance coping (a combined score including guarding, resting and assistance-seeking) predicted disability. Cognitive appraisals seemed to affect disability indirectly through avoidance coping and distress.
Evidence from laboratory research revealed convincing support for the idea that pain-related fear is negatively associated with physical performance, 6 such as range of motion, 33 lifting time, 34 knee-extension-flexion, 35 or trunkextension-flexion tasks. 36, 37 In a recent study, Sullivan and coworkers showed that fear of pain-related movement was associated with greater summation of pain in a weightlifting task, using repetitive lifts and varying weights. 38 In contrast, the support for a lower level of activity in daily life for patients with chronic pain is less convincing. Although the role of pain-related fear in explaining disability has been confirmed in a wide range of chronic pain patients, not all patients show a decreased activity level. [39] [40] [41] [42] In 2007, a literature review on physical activity in chronic pain did not confirm the existence of disuse in patients with chronic pain. 43 In addition, in a first cross-sectional study, no association was found between fear of injury and the level of physical activity. 41 In 2007, Bousema et al 8 presented the first prospective cohort study on physical activity assessed by self-reported questionnaires as well as accelerometry, in low back pain patients. Patients were included in the sub-acute phase of pain, and the influence of both pain and fear on changes in their disability and physical activity level during the first year after pain-onset were evaluated. Activity level increased over one year in both recovered persons and persons who developed chronic pain, and did not differ between recovered and non-recovered individuals. In addition, the level of fear of movement in the sub-acute phase was not associated with the mean daily activity level over time for both recovered persons and patients who developed chronic pain.
Clinical as well as experimental studies concerning single FAR features suffer in at least two aspects. High fear of pain, movement or injury does not imply that these patients also show increased avoidance behavior. It is possible that, in some persons, pain-related fear is associated with avoidance behavior, whereas in others, a high level of fear is associated with task persistence behavior (see discussion above in Basic Assumptions). Furthermore, none of the existing measures of avoidance behavior is able to differentiate between a preventive form of active avoidance behavior guided by conditioned stimuli, and passive avoidance following long-term persistent behavior. Secondly, the diversity of findings may be caused by the use of different assessment instruments to measure physical activity. Studies in which activity assessment is based on self-report measures more frequently report a lower activity level for patients with musculoskeletal pain as compared to studies using accelerometry. 43, 44 A more sophisticated technique called activity monitoring, which uses three accelerometers and allows differentiation of activity types, has shown a reduced physical activity level (PAL) in patients with chronic pain. 39 It can be concluded, therefore, that before interpreting the results of activity assessment for identifying behaviour responses to pain, it is important to critically observe the psychometric properties of the instruments for the specific population of patients with chronic pain. 21 
Single Endurance-related Responses Behavioral Endurance and Pain-related Outcomes
Among isolated endurance responses, task persistence behavior seem to be the most often investigated feature. Cross-sectional studies investigating the association between task persistence behavior and pain or disability mainly reported negative associations with disability, and absent or very low correlations with pain intensity. 16, [45] [46] [47] [48] A recent study, however, reported a positive association between task persistence behavior and disability. 19 In a first prospective study of acute/sub-acute back and leg pain patients who underwent an in-patient medical treatment, Hasenbring and co-workers 9 reported endurance-related pain behavior as a unique, significant predictor of higher pain intensity at the time of discharge from the hospital, and as a contributing factor at 6-months follow-up, along with other psychological and biomedical predictor variables. Using one of the former versions of the CSQ, Turner and Clancy 17 found diverting attention combined with increasing behavioral activity predictive for higher pain intensity after a cognitive-behavioral treatment in chronic back pain patients. These first data concerning endurancerelated pain behavior provide preliminary support for the AEM hypotheses which describe a link between endurancerelated behavior and the development of higher levels of pain in the future.
Further support for the hypotheses on ER comes from studies on physical activity in chronic pain. A recent study by Weering et al 43 reported that activity-fluctuations during the day were more pronounced in patients with pain than in healthy individuals, whereas mean activity levels of both groups did not differ. Patients were more active in the morning, but became significantly less active in the evening compared with healthy individuals. 43, 49 In three studies, changes in physical activity and pain over time were registered based on diary assessment. Whereas in the early phase of pain an association was found between physical activity and pain intensity, 42 this association wasn't present in the chronic phase of pain. 42, 44, 50, 51 In addition, Huijnen et al 50 reported that activity-fluctuations, and not the level of momentary physical activity, seem to be associated with a higher level of disability. These findings could indeed correspond with the hypothesis of disabling ER. Patients that show an ER pattern during the acute or sub-acute phase are likely to report a physical activity level that fluctuates over time in reaction to pain. These patients will wait too long before interrupting painful daily activities. This interruption (eg, a short pause for relaxation) will not lead to an effective reduction of pain, and will be experienced as unsuccessful and disabling (see also section Stability Versus Variability of Fear Avoidance and Endurance Response Pattern).
Behavioral Endurance and Self-reported Control
In models of stress and coping, 52 pain is conceptualized as a stressor to which individuals show diverse adaptation patterns. Whereas cognitive responses to pain, such as help-/ hopelessness, are important precursors of feelings of loss of control and depression, several coping responses were positively associated with self-reported control. 18 In a crosssectional correlation study of 195 chronic pain patients, positive relations were reported between the CSQ-factors ignoring pain sensations, increasing behavioral activity, diverting attention as well as for coping self-statements and reinterpreting pain sensations and feelings of control. Recently, two studies investigated the association between pain-related behavioral responses (avoidance and endurance) and basal adrenocortical activity represented by a neuroendocrinological stress parameter. 53, 54 Results supported the stress-inducing character of avoidance behavior and the stress-reducing character of behavioral endurance. These data concerning the relation between endurance behavior, stress, and control deliver preliminary support for the assumption of the AEM that behavioral endurance may have a stress-reducing short-term effect, potentially mediated by an increased sense of control.
Thought Suppression and Pain Experience
Cioffi and Holloway 55 were the first show that individuals who are experiencing laboratory pain during ice-water immersion will report greater perceived pain when instructed to suppress both pain-related thoughts and feelings of discomfort than when exposed to distraction or monitoring. Their results indicated that the ''rebound'' effect, discussed in the Theory of Ironic Processes 30 (see also our discussion above) may be active especially under instructions of suppression. Further support was delivered by Sullivan et al, 38 who have shown that instructions towards pain-related thought suppression during ice-water immersion yielded more thought intrusions and higher pain intensity ratings than for control subjects. In a recent study, Masedo and Esteve 56 also reported higher pain and distress rating, and a lower pain tolerance time, after an instruction of thought suppression rather than an instruction of acceptance coping. This last observation lead to the hypothesis that thought suppression could cause behavioral avoidance under certain circumstances.
To our knowledge, only a few measures exist for thought suppression in clinical pain. The Kiel Pain Inventory 22 and the Avoidance-Endurance-Questionnaire (AEQ) 48 both include a short thought suppression scale. In 191 back pain patients, we found positive relations for thought suppression with pain-intensity and depression, but not with disability. 48 In sum, experimental as well as first clinical data indicate a positive relation between thought suppression and pain-intensity, whereas relation to disability remains open. Based on the AEM, it can be hypothesized that the effect of thought suppression in clinical pain will depend on the patient's behavior pattern. Thought suppression linked with avoidance behavior will lead to increased disability, whereas thought suppression in combination with task persistence behavior will be associated with less disability.
Fear Avoidance Related Response and Endurance Response Pattern
Research in FAR and ER patterns seems to support the fact that sub-groups of pain patients can be identified that show specific patterns on the affective, cognitive, and behavioral level. Hasenbring, 20 compared patients with a distress-endurance or eustress-endurance pattern with patients showing an adaptive response pattern. They used the Beck Depression Inventory (BDI,) 57 and the Kiel Pain Inventory (KPI,). 22 In this study, a cut-off for depression was defined as BDI>=10, and the KPI subscales for thought suppression and task persistence behavior (mean scale scores) were used. In a prospective analysis, both ER groups reported higher pain intensity at the 6 months follow-up, less return to work, and a higher rate of application for early retirement compared to the adaptive group. Similar results were reported by Grebner and coworkers 21 in 82 patients undergoing lumbar disc surgery, using a cluster analysis procedure. Prospectively, both eustress-endurance and FAR patients revealed a higher rate of early retirement at the 6-months follow-up compared to adaptive patients and, contrary to the authors' expectations, also compared to distress-endurance patients.
Preliminary support for the hypothesis that a higher level of physical activity and a higher rate of static strain postures indicated physical overload was found in a crosssectional study including patients 6 months following lumbar disc surgery. 58 In this study, the level of daily physical activity (PAL) was assessed based on accelerometry. It appeared that patients with an ER pattern had the same PAL compared to an adaptive group despite their higher level of pain. Furthermore, ER patients showed a significantly higher number of static strain postures during the 8-hours time-period than the adaptive group. Unfortunately, due to the limited sample size, FAR patients could not be included in the statistical analysis. It is interesting to report, however, that the two patients with a FAR-pattern both showed a markedly low level of PAL, and a very low number of static strain postures.
CONSEQUENCES FOR CLINICAL PRACTICE: NEW APPROACHES IN CBT AND REHABILITATION
Diverse national low back pain guidelines, advise, in a situation of acute non-specific low back pain [excluding severe structural causes of pain (red flags)], to quickly return to a normal level of daily activity. 59 Avoidance endurancebased research, as reported above, suggests the need for a definition of the term ''normal'' activity, as it is assumed that FAR patients would subjectively define their normal activity level differently than ER patients. In addition, patients evaluate their activity related problem due to pain by comparing their current activity level with their habitual activity level before pain-onset. Their perceived decline of activities since pain-onset appears to be more disabling than their actual activity level. 60 Before treatment starts, it is therefore important to identify the habitual activity level of the individual patient. Counselling interventions aimed at encouraging patients to a return to normal activities/ their habitual activity level should consider these different and opposite pain-response pattern adequately.
Results of two studies in patients with sub-acute back and leg pain, with identifiable structural damages, also supported the presence of two opposite (FAR versus ER) pathways leading to recurrent pain 6 months later. 20, 21 A first randomized controlled intervention trial in this patient group revealed preliminary evidence that an AE-scheduled, risk-factor-based cognitive-behavioral treatment, offered alongside conservative medical interventions, is significantly more effective in preventing future pain than a standardized psychological program, or medical treatment as usual. 61 Results from an additional randomized trial in sub-acute, non-specific back pain patients provided evidence concerning the efficacy of an individually scheduled, AE-based short physician counselling, with 3 months of follow-up (Hasenbring et al, unpublished data, May, 2010) .
In chronic pain patients, reconditioning has, for years, been an important focus in rehabilitation treatment. This approach has been based on the hypothesis of the ''deconditioning syndrome'', in which de-conditioning itself is seen as a factor contributing to the intolerance to physical activities and subsequent loss of function and disability in patients with chronic pain. 6, 62, 63 Whether physical deconditioning is indeed disabling by itself, or whether it is only a consequence of behavioral changes related to pain, is still unclear. 10, 64, 65 For patients with FAR and related physical disuse, the approach of increasing one's activity level, based on graded activity and exposure in vivo (a behavioural approach in which fear of movement is the focus of treatment), seems effective. 66, 67 We hypothesize that patients with ER will not benefit from this current approach in rehabilitation medicine. It may be speculated that these patients might benefit from cognitive-behavioural interventions similar to those investigated in sub-acute pain episodes 61 (including approaches of reducing thought suppression and task persistence behaviour reaching a more flexible response pattern which is comparable to the AR patients). In chronic pain episodes, further treatment aims may be important, such as learning how patients can reduce their self-discrepancies and associated negative emotions, and fine tune their activities during the day. Further identification of activity related behaviour patterns seems, therefore, an important research topic.
CONCLUSION
Firm evidence identified fear avoidance responses as an important mediator for the development and maintenance of chronic pain and disability. In addition, we found increasing evidence for the presence of a second/opposite pathway for chronicity in pain based on endurance-related responses. The impact of these opposite pathways on daily activities, and their implication for clinical practice, still needs further research, but seems promising in the determination of more individualized treatment programs for patients with chronic pain syndromes.
